We discuss finite-temperature QCD sum rules at low temperatures, including perturbative as well as nonperturbative thermal corrections. The electric and magnetic condensates of the thermalized QCD state are extracted from present lattice calculations of the energy density and pressure. Alternative parametrizations based on instanton calculations and string behavior at finite temperature are also discussed. Throughout, a particular emphasis is put on the nature and size of the temperature corrections. In the I channel the temperature behavior of the p parameters are investigated. In the range of applicability of the sum-rule procedure, the p parameters are found to vary slowly with temperature.
Moreover, the analysis of QCD at finite density on the lattice has so far proved di%cult.
A few years ago, Bochkarev and Shaposhnikov outlined an extension of the QCD sum rule to finite temperature and densities.
Using a variant of the QCD sum rules they investigated the dependence of the resonance mass and threshold parameters on the temperature in the vector channel. Their results show a rapid change in the resonance spectrum at about 150 Me V which they identified with the expected QCD phase transition. This transition was, however, criticized recently by Dosch and Narison, who argue that it follows from an inappropriate use of the stability criterion. A similar concern has been raised by Furnstahl, Lee and one of us, who have also extended the analysis to charmonium.
In this paper, we would like to address the problem of finite-(low-) temperature QCD sum rules with a special concern on the temperature dependence in the Wilson coefficients and vacuum condensates, a point so far (largely) ignored. In particular, we would like to investigate the changes in the mass and threshold parameters using input condensates that account for the general the resonance spectrum will be discussed elsewhere.
II. THE METHOD
where J" is a pertinent QCD current. In the p channel we will use (unregularized)
To distinguish the long-and short-wavelength contributions to (2.1) we will make use of the OPE for the commutator. Details of the procedure can be found in the original paper by Wilson. " At short distances (x~0), the contributions to (2. 1) can be organized in an asymptotic series using local and Becchi-Rouet-Stora-Tyutin-(BRST-)invariant bilinears of increasing dimensionality (normal ordering understood):
At finite temperature the relevant correlator is the thermal average of the retarded propagator (see, e.g.,
Refs. 9 and 10): Fig. 1(a Fig. 1 (b) vanishes in the chiral limit. As for Fig. 1 At zero temperature, however, we have ( E ) = -( B ) so that the infrared divergence drops from the Lorentz-and gauge-invariant combinations in the chiral limit. This is no longer true at finite temperature. The infrared divergence is due to Fig. 1 Since at present there is no final consensus on the vacuum condensates at finite temperature, we will investigate three diferent but complementary cases. First we will extract the condensates from present measurements of the bulk properties of finite temperature QCD on the lattice. We shall refer to this parametrization henceforth as model I.
The equilibrium energy density and pressure of @CD matter on the lattice is evaluated using Note that (3.2) yields the correct trace anomaly on the lattice. These condensates contain both perturbative and nonperturbative contributions.
On the lattice the subtraction can be performed as follows:
First, the zero-temperature data on the lattice are subtracted from the raw condensates at finite temperature. Fig. 7(a) , the behavior of the threshold energy So is shown in Fig. 7(b) and the p-meson strength f in Fig. 7(c) In the real-time method, all the operators in the system are doubled to take into account the thermal effects. We also introduce an interaction of quarks with a background gauge field A ": X;", =g%'r3T'y"4 A "', (A 1) where +=(g"gz) is the doubled quark operator, r; are Pauli matrices acting on the doubled fields and T'= A, '/ It is easy to see that the second term in the RHS of (A7) can be rewritten as 3;(x) = -, 'x'G, ;(0)+ in the latter case. The LHS of the sum rule, i.e. , the real part of the retarded correlation function in the asymptotic region ReG&(co) (co=icot with cot ))1) is equal to ReGF(co) for real co.
The diagram in Fig. 1(c Fig. 1(d) is essentially the same as the one just described. The second term of Eq.
(A7) does not contribute in this case and one gets the following result after some tedious but straightforward algebra:
-g 1 -2nF po k , P f". (k,p) ((G'",G;, )), (Al 1) with f""(p, k)=(p k)k"k, -k k"p . This can be shown to agree with (83) and (85). 0'ne 
